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Abstract

Lesquerella and the closely related genus Physaria are prime candidates as a new, alternative source of hydroxy fatty
acids (HFA) for industrial uses. At present, castor oil is the only natural source of these HFA for commerce. To expand the
germplasm base of these taxa for our breeding program and the National Germplasm System (NPGS), we collected species
from a wide geographic region in the United States. In 1993, 44 accessions of Lesquerella fendleri, 38 accessions from
nine other Lesquerella species, and three accessions of two different Physaria species were obtained. In 1994, 41 additional
accessions of L. fendleri and 51 accessions of ten other Lesquerella species were collected. A total of 20 different species
of Lesquerella and two Physaria species were collected over the two years. Oil characteristics and seed size of eight of
these Lesquerella and one Physaria species have not previously been reported. Twelve of these taxa have not been available
in the NPGS. Populations of L. fendleri collected in Arizona had higher seed-weights than those collected from Texas
and New Mexico. Some of the new accessions had seed-weights higher than germplasm presently in the USDA~ARS
breeding program. Diverse growth habits were found in populations from all three states. We believe that other species of
Lesquerella and Physaria could later be developed as a source of HFA in regions other than the arid southwestern United
States. Accessions of Lesquerella douglasii had the same or higher seed-oil content than L. fendleri and also higher seed
yields. Two accessions of Physaria newberryi had seed-weights that ranged between 4.5 and 6.2 g/1000 seeds compared
to that of 0.25 to 1.1 g/1000 seeds for L. fendleri. Seed-oil contents of P. newberryi averaged 30.8% compared to 23.8%
for L. fendleri. Preliminary seed increase and evaluation of oil content and composition were completed on 14 L. fendleri
populations from the 1993 collection under field conditions in Phoenix, Arizona. Accessions were compared to the original
populations collected in 1993 and 1994 for growth habit, seed size, and seed-oil content and quality.
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1. Introduction placement for castor oil. Lesquerolic acid has a Cyg
_ ] chain length compared to the C;g of ricinoleic acid
Seed-oils of Lesquerella and Physaria species are from castor. The chain length and chemical reactivity

good sources of .three types of hydroxy fa'\tty acids of an HFA determines the value of the oil for indus-
(HFA), lesquerolic, densipolic, and auricolic. Along trial purposes (Roetheli et al., 1991). Potential uses of

with other potential uses, HFA may serve as a re- the oil include chemical feedstocks for production of
plastics, lubricants, protective coatings, surfactants,
* Corresponding author. cosmetics, and pharmaceuticals (Dierig et al., 1993).
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The seed meal has a high protein content and good
potential as a feed supplement for ruminants (Miller
et al., 1962). The seed coat of lesquerella contains
a water-soluble gum with possible uses in cosmet-
ics, plasticizers, coatings, food thickening agents, and
crude oil recovery (Abbott et al., 1994).

There are 83 known Lesquerella species native to
North America (Rollins, 1993b). Approximately half
of these have unique and desirable characteristics
that could be exploited for breeding purposes either
in the incorporation of traits into Lesquerella fend-
leri, or for developing other sources of HFA for dif-
ferent geographical areas (Rollins, 1993a). Of 23 dif-
ferent Lesquerella species evaluated, L. fendleri has
the highest agronomic potential for the southwest-
ern United States. (Thompson and Dierig, 1994). L.
fendleri is native to the southwestern United States.,
including the states of Arizona, New Mexico, Texas,
and parts of southeastern Utah, and throughout Mex-
ico. Only a narrow germplasm base has been utilized
in the domestication of L. fendleri (Thompson and
Dierig, 1994).

An active domestication and commercialization
effort is being conducted by USDA-ARS at the U.S.
Water Conservation Laboratory (USWCL), and by
other government agencies, private industries, and
universities, to develop Lesquerella as an indus-
trial oilseed crop for lesquerolic acid production.
Currently, 27 accessions of L. fendleri are in the
National Plant Germplasm System (NPGS), most of
which are from the southwestern United States. An
additional 69 accessions of 21 Lesquerella species,
with only one accession of a Physaria species are
available (Thompson et al., 1992). Many of the
species in the NPGS collection have only one or
two accessions and do not adequately represent the
genetic diversity available in the known taxa of the
genus Lesquerella. Unfortunately, these southwest-
ern species are grossly under-represented relative to
the number and geographic distribution of the native
populations.

Considerable genetic variations for seed-oil and
agronomic characteristics exist in natural popula-
tions both within and among species of Lesquerella
(Rollins and Shaw, 1973). This genetic variation
could be helpful for the domestication and com-
mercialization efforts now in progress. The closely
related species of the genus Physaria also contains

HFA. Little information is available with regard to
the genetic diversity and potential of this genus.
Nearly 20 Physaria species are known to occur in
North America (Rollins, 1981, 1993b).

The purpose of this paper is to characterize
the new additions to the Lesquerella and Physaria
germplasm collections made in 1993 and 1994 and
to discuss the initial evaluation of some of these
germplasm.

2. Materials and methods

2.1. Collections

A database describing locality, collection data,
time of flowering, and seed-set was compiled from
existing specimens in several herbaria. This database
was used for mapping the route of each collection
trip. We began the collection in May 1993, con-
centrating primarily on L. fendleri throughout its
natural habitat covering Arizona and New Mexico.
Other available species of Lesquerella and Physaria
occurring within this geographical area were also
collected. In 1994, collections were made through-
out Texas and Washington. Two trips were made to
the collection sites. The first, to locate and identify
the flowering plants (February—April) and a second
return trip to collect mature seeds (April-June).

Geographical locality information for each pop-
ulation, such as state, county, nearest town, and
road mileage marker were recorded as were latitude,
longitude, and elevation from a Trimble Navigation
Basic Plus!, Global Positioning System (GPS). The
GPS data were reported according to a WGS-84 map
datum. A general description of the population habi-
tat and the vegetation associated with the materials
collected were recorded.

When available, flower buds were collected for
meiotic chromosome number determinations. Flower
buds were placed in Farmer’s solution (three parts
ethanol, one part glacial acetic acid) and stored in
an ice chest while in the field. Buds were transferred
and stored in 70% ethanol after 24 hours. Young

! Mention of a trademark or proprietary product does not con-
stitute a guarantee or warranty of the product by the U.S.
Department of Agriculture, and does not imply its approval to
the exclusion of other products that may be suitable.



D.A. Dierig et al. / Industrial Crops and Products 5 (1996) 53-63 55

anthers were extracted from the buds, and chro-
mosome smears were prepared using the standard
acetocarmine squash technique.

At least three individual whole Lesquerella plants
were collected, pressed and dried for herbarium de-
position as a voucher of each accession number.
After species identification, one set of these speci-
mens was deposited in the United States, National
Arboretum Herbarium, Washington DC. A second

set was dlbU UC[)UDILCU at l’lllLUlld Oldlc UlllVClblly,

ASU Herbarium, and a third set at The Harvard Uni-
versity, Gray Herbarium. Dr. Reed Rollins, Emeritus

Professor, Harvard University, verified species iden-
tifications.

2.2. Evaluations

Total seed-oil content was measured using a cal-
ibrated Bruker PC120 Pulsed NMR analvzer and

alCQl DIVACLI T 12U TTRisel vash allalyZll

011 composition on the Hewlett-Packard 5890 gas
chromatograph. For the fatty acid analysis, the oil
was first transesterified. This method consisted of
first placing 25 seeds in a 1.5-dram screw-capped
vial, wetted with hexane, then shattering them with
a stainless steed rod. Approximately 1 ml of 1.5%
sodium in methano! was added to the shattered seeds,
the vial capped, and shaken vigorously, allowed to
stand for a minimum of 10 min, and then treated with
about 0.5 ml of 1%-NaCl solution. One milliliter of
hexane was then added and the contents shaken
vigorously. After allowing the layers to separate,
the hexane layer was withdrawn from the top and
transferred into a Separ ate, clean vial. The combined
hexane extracts were used for fatty acid analysis by
gas chromatography. A 25-m 25QC3/BPX70-0.25
column (SGE, Victoria, Australia), with temperature
programmed from 125° to 245°C at 3°C/min was
used for the analysis. Identification of components
was performed using Equivalent Chain Lengths and
by comparisons with known standards.

Total seed-oil content analysis required a mini-
mum samnle size of two grams. In many cases, there
was not enough available seed of an accession for
this. The accessions in Tables 2, 3, and 4 having NA,
data not available, in the column for oil (%) was due
to limited amounts of seed for analysis.

The means of the 1000 seed-weight, oil content,
and lesquerolic acid content of seeds of L. fendleri

from native populations collected in Arizona (1993),
New Mexico (1993) and Texas (1994) were com-
ymcd usmg a 1 statistic \jaUJC 4} rupuiauuus from
Arizona were statistically compared to both popu-
lations from New Mexico and Texas, and also New
Mexico to Texas. The analyses were performed using
a t-test procedure program of the Statistical Analysis
System (SAS Institute, 1991). Differences between
means were tested at the P < 0.05 probability level.
Fourteen accessions of L. Jenaterl were pldnlcu
for seed increase and evaluation at the USWCL,
Phoenix, AZ. Available seed was limited so that
seedlings were raised in the greenhouse before trans-
planting to the field to assure adequate plant estab-
lishment. Seeds were germinated in 300 x 300 x 50
mm flats with No. 1 Sunshine Mix Potting Soil
under a mist bench. After the first true leaves ap-

peared, seedlings were transplanted into single celled
(QH ¥ 50 % 50 mm) thpr"ino trays, where thevy re-

LV Ly SPOULLLILE Wd VYLIVIC uivy

mained for about six weeks until transplanting to
the field in one plot per accession in December
1994, When plants started to flower, cages were
placed over each plot to prevent cross-pollination
among the different accessions. These cages were
1.3 x2x2m frames covered with a screen mesh
AAAAAAAAAAAAAAA
to cages to facilitate pollination of the spemﬁc acces-
sions. House flies were chosen over honeybees for
pollination because of their low maintenance cost.
Flies were added in the pupal stage in quantities of
about 5000 per cage.
Six of the 14 accessions grown at the USWCL

WCIC uuxu t‘\llLUllﬂ quu Clglll llUJII lVC\N' JVICAILU
(Table 3). The differences of the means for 1000
seed-weights and oil content between the original
and increased USWCL accessions within Arizona
and New Mexico were compared using paired com-
parisons with PROC MEANS (SAS Institute, 1991).
Differences between the Arizona and New Mexico
dCCCSSlUIlb, wr J.UUU bCC(l Welgﬂ[b d.Il(.l Ull content lIl
Table 3 were tested by analysis of variance using the
General Linear Model Procedure program (SAS In-
stitute, 1991). The six original Arizona populations
were compared to the eight original New Mexico
populations. The same comparison was made using
USWCL accessions for seed-weight and oil con-

tent. Differences between means were tested at the
P < 0.05 probability level.
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Table 1

Species of Lesquerella and Physaria collected from various states in 1993 and 1994. Numbers in parentheses reflect the number of

populations collected

Arizona New Mexico Texas

Washington

L. cinerea (5)*

L. arizonica (3)?
L. fendleri (22)

L. gordonii (7)

L. intermedia (4)*
L. kaibabensis (1)®
L. pinetorum (1)
L. purpurea (2)

L. rectipes (9)*

L. wardii (2)®

P. newberryi (2)*?

L. gordonii (2)
L. fendleri (22)
L. ovalifolia (1)
L. rectipes (1)?
P. floribunda (1)

L. densiflora (2)*

L. argyraea (16)

L. fendleri (41)

L. grandifiora (6)

L. lasiocarpa (7)

L. lindheimeri (4)®
L. mcvaughiana (1)?
L. recurvata (7)

L. sessilis (2)®

L. douglasii (7)?

2 Species not previously represented in the NPGS.

3. Results and discussions

3.1. Lesquerella fendleri

The accessions coliected in 1993 and 1994 are
listed in Table 1. In most instances, natural popu-
lations of L. fendleri were found as single plants
instead of dense stands. Associated plants with these
populations included Larrea, Prosopis, Gutierrezia,
Opuntia, Yucca and Juniperus. Plants were gener-
ally found growing on loose, loamy, limestone soils.
Although limestone soils appear to be strongly as-
sociated with localities of this species, there were
a few exceptions. Populations near the Arizona and
New Mexico border, and two populations in Texas
were growing on a loose red gravelly soil. Plants
from the Arizona—New Mexico locality were abun-
dant, and had a procumbent growth habit. Elevations
of L. fendleri populations ranged between 240 and
1650 m.

Several populations were found in relatively dense
natural stands in regions: east of Springerville, AZ,
south of Tombstone, AZ, south of Lyman Lake, AZ
(near St. Johns), west of Bylas, AZ, and Valley of the
Fire, NM. Plants at the Valley of the Fire site were
large and productive in seed set, which seemed rare
for the high elevation (1600 m).

A few populations in southeastern Arizona had
atypical growth habits. Near Sonoita, AZ, plants had
cauline leaves that were broader and thicker than nor-
mal, with a procumbent growth habit. A collection

found east of Tombstone, AZ had much larger leaves
than the ‘normal’ wildtype. A population found in
northwestern New Mexico near Red Rock, appeared
to be growing as annuals.

In some cases, populations of L. fendleri were
found growing sympatrically with other Lesquerella
species and in one case with Physaria; L. gordonii
in the Chiricahua Mountains, AZ, L. ovalifolia south
of Santa Rosa, NM, L. rectipes near St. Johns, AZ,
L. purpurea near Wilcox, AZ, L. purpurea west side
of Dragoon Mountains, AZ, L. argyraea in Brewster
County, TX, and Physaria newberryi west of Bylas,
AZ. A putative natural hybrid with plant characteris-
tics intermediate between L. rectipes and L. fendleri
was found in northeastern Arizona. We have not yet
been able to confirm this. No other introgressions
between species were apparent in these other sym-
patric populations. Rollins and Shaw (1973) state
that they have not verified any cases of interspecific
hybridization in the field, except with the densipolic
species found in Tennessee. In our breeding pro-
gram, only rarely have we been successful obtaining
interspecific hybrids under controlled crossing with
these lesquerolic species.

Meiotic chromosome counts of L. fendleri plants
collected in 1993 from Arizona and New Mexico
were completed. All have been n = 6. Materials
for chromosome counts were obtained from most of
the Texas populations. However, these have not yet
been completed. Rollins and Shaw (1973) reported a
polyploid population of n = 12 in Texas. Since we
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Origin of original collection, collecion number, seed weight, seed oil content, and fatty acid composition of Lesquerella fendleri

accessions

State Collection Seed weight 0Oil Fatty acid composition (%)
number (g/1000) ® 6.0 18:0 18:1 18:2  18:3 20:1-0H  20:2.0H

Arizona 1801 0.76 NA? 1.7 3.1 26.5 53 13.3 442 3.2
1809 1.20 24.1 14 4.6 17.9 75 8.3 589 1.7
1811 NA NA 4.1 4.1 45.0 104 12.0 21.0 trace
1817 0.97 NA 1.3 1.9 19.6 5.0 13.1 53.9 4.2
1818 1.06 NA 1.4 2.6 20.7 59 14.5 49.6 4.2
1819 1.14 19.0 2.3 2.7 254 7.0 13.6 44.0 2.6
1826 1.02 24.2 1.4 22 20.6 56 13.7 51.0 3.7
1847 0.60 NA 2.4 1.6 222 95 184 40.1 3.2
1848 0.87 27.1 1.6 0.6 18.3 7.4 144 51.1 3.0
1851 0.83 NA 1.4 19 19.0 6.0 14.9 51.1 4.1
1852 0.66 223 1.5 23 22.5 56 13.5 48.6 3.6
1854 0.66 NA 1.4 24 21.6 52 14.1 50.3 35
1855 1.16 24.2 14 22 21.9 59 14.1 48.7 4.1
1857 0.84 19.3 2.0 2.4 22.1 5.8 14.6 473 3.9
1871 0.74 NA 1.5 1.6 17.6 7.8 174 479 3.7
1874 0.60 NA 1.6 44 15.5 8.0 19.6 472 4.3
1880 0.57 26.6 1.6 1.7 18.2 8.3 16.8 47.8 3.4
1904 NA NA 1.7 1.4 16.9 8.2 18.0 46.6 4.2
1926 0.75 254 1.7 1.7 19.7 8.0 17.1 46.2 3.8
1932 0.55 21.2 1.7 2.2 17.7 6.8 15.8 50.6 3.5
1933 0.68 23.0 1.6 2.1 17.3 6.8 15.5 50.9 3.6
1934 0.52 NA 1.6 23 17.9 6.6 16.2 49.8 39
Mean (x) 0.81 233 1.7 2.4 21.1 6.9 15.0 47.6 3.6
CcVv.b 26.8 11.5 343 40.8 28.5 20.6 16.4 14.7 17.2

New Mexico 1834 0.88 NA 1.3 2.0 18.6 5.0 16.9 48.9 5.6
1835 NA NA 2.0 2.1 22.0 8.6 15.2 454 2.7
1836 0.56 27.9 1.6 19 194 9.3 14.9 478 29
1838 0.52 NA 1.5 19 17.5 8.3 15.8 499 3.0
1839 0.46 NA 1.4 2.0 17.2 8.2 159 50.2 32
1840 0.64 NA 1.2 2.0 16.9 8.0 16.8 50.1 33
1841 0.62 24.8 1.4 2.0 16.0 75 16.2 52.1 32
1842 NA NA 1.4 2.0 16.8 79 14.6 52.5 2.8
1843 0.52 25.9 1.3 1.7 16.0 8.1 16.2 51.8 32
1844 0.45 NA 1.5 1.9 17.9 8.4 16.0 4972 3.2
1845 0.60 20.5 1.8 2.0 17.7 7.7 18.0 472 39
1846 NA NA 2.4 2.3 25.0 9.1 16.4 37.2 3.6
1887 0.68 28.9 1.5 1.7 17.0 7.1 15.5 51.1 4.1
1889 0.39 29.1 1.5 1.5 17.2 6.7 18.7 477 4.9
1906 NA NA 1.8 1.7 19.3 8.8 16.7 46.9 3.2
1907 NA 18.3 2.8 2.0 21.7 10.0 16.3 44.4 2.8
1909 0.31 19.6 1.5 1.8 16.0 8.0 18.0 49.3 35
1910 0.32 NA 1.7 2.0 19.6 8.4 17.6 458 34
1912 0.76 23.5 1.5 1.9 18.6 7.4 17.0 48.3 3.2
1913 NA NA 2.3 2.7 19.3 10.9 18.4 43.0 33
1919 0.73 23.4 1.5 1.5 20.3 7.6 194 43.8 3.6
1920 0.67 27.1 1.7 1.7 17.6 6.8 19.4 452 53
Mean (x) 0.57 24.5 1.7 1.9 18.5 8.1 16.8 47.6 35
[OA'A 28.0 154 23.7 13.4 12.0 14.9 8.2 7.5 22.2
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Table 2 (continued)

State Collection Seed weight Qil Fatty acid composition (%)
number (8/1000) ® 6.0 18:0 18:1 18:2  18:3  20:1-O0H  20:2-0H
Texas 2226 NA NA 1.6 2.8 26.9 9.1 11.5 43.4 2.5
2255 0.62 22.5 1.8 1.8 19.5 6.5 16.3 48.8 37
2256 0.49 22.8 1.6 1.7 20.3 6.8 15.2 50.4 3.2
2257 0.47 26.2 1.4 1.7 18.4 6.7 14.9 52.1 3.2
2258 NA NA 1.7 1.8 18.3 6.5 16.1 49.8 4.2
2259 0.44 NA 1.8 2.0 20.2 6.6 16.7 46.3 4.5
2260 0.47 23.5 1.6 1.9 21.3 6.6 15.9 473 3.6
2261 NA NA 1.4 1.9 18.0 6.6 15.6 50.9 3.8
2262 0.43 209 1.5 1.6 16.6 7.2 15.2 532 32
2263 0.60 284 1.2 1.8 16.7 6.3 14.8 52.8 4.2
2264 NA NA 14 2.0 17.4 6.2 16.2 514 3.8
2265 0.59 24.2 1.4 1.9 19.5 72 14.4 50.9 3.0
2266 0.75 273 1.3 20 19.0 6.6 14.1 514 34
2267 0.55 NA 14 1.8 16.6 6.9 15.3 52.3 3.7
2268 0.66 26.1 14 2.0 20.7 7.2 13.7 49.6 3.1
2269 0.49 22.0 14 2.1 17.8 6.1 16.6 497 4.7
2270 0.63 25.5 1.5 2.1 21.7 7.6 13.7 48.4 2.8
2272 NA NA 2.8 2.6 22.0 79 15.4 46.3 3.0
2273 0.66 28.7 15 1.7 19.0 8.5 13.1 50.9 2.7
2276 0.63 17.3 1.8 2.2 21.1 6.6 13.9 48.5 3.9
2277 0.55 209 1.5 22 17.8 7.8 14.1 51.7 3.1
2278 0.60 NA 1.5 2.1 16.3 72 16.0 51.2 4.1
2286 NA NA 1.5 1.6 174 8.2 154 504 3.4
2290 0.48 NA 1.3 1.8 16.8 75 16.0 51.2 3.6
2291 0.51 229 1.6 1.9 20.2 74 14.4 49.8 2.8
2292 0.76 NA 1.3 1.8 17.5 6.0 13.9 53.7 4.0
2293 0.57 20.9 1.4 20 19.6 6.7 15.7 49.5 33
2294 0.63 247 1.4 1.7 17.8 6.5 14.7 51.8 4.1
2295 0.41 23.3 1.6 1.7 19.8 8.1 15.0 489 29
2296 0.54 23.4 1.9 1.9 19.2 7.9 159 483 30
2297 NA NA 24 2.0 237 9.9 15.3 41.9 24
2298 NA NA 2.0 2.2 20.9 8.2 15.2 489 2.7
2299 0.57 21.2 2.1 2.1 19.7 8.4 13.8 494 2.8
2300 0.69 26.6 1.3 1.6 16.9 7.8 13.6 55.1 29
2301 0.63 24.6 1.6 1.9 19.1 7.8 14.8 50.3 3.0
2302 NA 22.5 1.6 1.7 22.1 6.6 15.5 46.3 4.8
2303 NA NA 1.3 1.7 17.3 7.1 14.1 53.3 3.0
2304 0.65 24.7 1.3 1.7 18.0 6.6 14.0 54.0 3.5
Mean (x) 0.57 23.8 1.6 1.9 19.2 7.2 14.9 50.0 34
C.V. 16.2 11.2 20.3 133 11.5 12.1 73 5.5 179
Mean (X)¢ 0.65 23.8 1.6 2.0 19.5 74 154 48.7 35
C.V. 9.4 12.3 26.1 28.0 19.0 16.3 11.8 9.4 18.9

2 Data not available.
b C.V. = coefficient of variation.
¢ Mean of collections from Arizona, New Mexico, and Texas.

collected near this reported area (Andrews County), in Lesquerella could produce material for further
some may be polyploids. Polyploidy found in other development by plant breeding.
agricultural species has resulted in beneficial effects Differences in 1000 seed-weights were found be-

on important traits. It is possible that polyploidy tween accessions of L. fendleri collected in Arizona
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to those from New Mexico and Texas (Table 2).
The 22 Arizona accessions produced significantly
larger seed than the accessions from New Mexico
and Texas. The ¢ values for comparisons of means
between Arizona and New Mexico, and Arizona and
Texas were 291, N = (21, 17), P < 0.01 and 3.44,
N = (21, 28), P < 0.01 respectively. This is also
supported by the comparison of 14 accessions grown
for seed increase in field plots at USWCL. The
means of six accessions from Arizona were com-
pared with an ANOVA test to the eight from New
Mexico. Both the 1000 seed-weights and oil con-
tents were significantly greater in the Arizona than
the other accessions (F value of 8.12, P < 0.05
probability level, with 1 degree of freedom, Table 3).

The ¢ value was not significant for the comparison
of accessions from New Mexico and Texas for 1000
seed-weight. Also, differences between accessions
from the three states for oil content and lesquerolic
acid content were not significant (Table 2).

The variation found in 1000 seed-weights be-
tween the original collections and the USWCL culti-
vated plots could be due both to environmental dif-
ferences on seed conditions and to open-pollination.
However, overall comparison of averages indicates
that more genetic variation for higher seed-weights
exists in some of the Arizona populations. No signif-
icant differences were found in the average oil con-
tents among the Arizona, New Mexico, and Texas
populations (Table 2), or between selected original
populations and cultivated accessions grown at the
USWCL (Table 3).

Seed-weights of germplasm presently in our
breeding program are similar to the measured
weights obtained from the New Mexico and Texas
collections, ca. 0.60 g/1000 seed (Dierig and Thomp-
son, 1993; Thompson et al., 1989). However, it is
possible that new collections from Arizona will in-
troduce more diversity for seed size.

3.2. Other species of Lesquerella and Physaria

Nineteen other species of Lesquerella and two
Physaria species were collected from Arizona, New
Mexico, Texas and Washington (Tables 1 and 4).
Significant differences were present for seed oil per-
centage, 1000 seed-weight, and fatty acid percentage
differences both between the 19 species and among

Table 3

Comparison of 1000 seed-weights and oil contents between
seed from original collections and field cultivated plots grown
at the U.S. Water Conservation Laboratory (USWCL) from 14
accessions of L. fendleri

Collection Seed weight (g/1000) Oil content (%)
number Original USWCL  Original  USWCL
Arizona

1848 0.87 0.78 27.1 25.5
1852 0.66 0.85 22.3 18.9
1855 1.16 0.82 24.2 223
1880 0.57 0.76 26.6 274
1926 0.75 0.66 254 26.9
1933 0.68 0.93 23.0 26.5
Mean? 0.78 a 0.80a 248 a 24.6 a
cv.b 27.0 114 7.8 135
New Mexico

1838 0.52 0.57 NA¢ 220
1839 0.46 0.53 NA 22.0
1841 0.62 0.59 24.8 23.6
1845 0.60 0.56 20.5 23.1
1907 0.37 0.65 NA 24.6
1910 0.52 0.60 NA 25.1
1912 0.76 0.72 23.5 24.8
1920 0.67 0.80 27.1 22.4
Mean 056 b 062b 240 a 235a
C.V. 220 14.7 11.4 5.4

@ Mean values in the same column followed by a different letter
are statistically different, P < 0.05.

> C.V. = coefficient of variation.

¢ Data not available.

accessions within a species (Table 4). These char-
acteristics have not previously been reported for
L.arizonica, L.cinerea, L. densiflora, L. douglasii, L.
intermedia, L. rectipes, L. sessilis, L. wardii, and P,
newberryi.

L. gordonii and L. rectipes were collected in both
Arizona and New Mexico. These were the only
species common to both states, other than L. fendleri.
L. gordonii appears similar to L. fendleri, but can be
easily distinguished by differences in the trichomes
and life history (annual vs. perennial). Both have
the same chromosome number of n = 6. Based on
the taxonomic treatment of the two species, we saw
no introgression of these two. L. gordonii accessions
had higher seed oil content, 1000 seed-weight, and in
most cases, higher lesquerolic acid content (Cy.1-on)
compared to L. fendleri (Table 4). The oil content of
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Table 4

Lesquerella and Physaria species, collection number, seed weight, seed oil content, and fatty acid composition
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Species Collection Seed weight Oil Fatty acid composition (%)
number (8/1000) (%) 16:0 18:0  18:1  18:2  18:3  20:1-OH  20:2-OH
L. argyraea 2210 045 NAP 2.0 25 16.9 11.8 54 58.4 trace
2212 0.47 NA NA NA NA NA NA NA NA
2216 0.72 223 1.9 2.7 18.7 11.1 8.6 55.1 09
2219 0.55 23.4 2.2 32 194 12.6 7.2 533 0.6
2222 0.75 NA 2.1 3.1 18.2 14.3 6.2 549 trace
2225 0.67 21.2 1.8 29 18.4 13.8 53 56.6 trace
2239 NA 26.3 22 2.8 15.7 12.5 7.7 57.5 0.7
2245 NA 25.9 1.7 2.6 19.9 11.5 7.5 54.5 0.7
Mean (X) 0.60 23.8 2.0 2.8 18.2 12.5 6.8 55.8 0.7
cv.? 21.8 9.3 9.8 9.1 8.0 94 18.1 32 17.4
L. arizonica 1893 1.02 NA 1.7 1.2 21.2 93 12.7 499 1.5
1894 0.92 24.7 2.1 1.5 20.5 9.8 1.9 50.3 1.5
1895 NA NA 39 1.9 24.1 9.6 13.9 439 trace
Mean (X) 0.97 24.7 2.6 1.5 21.9 9.6 12.8 480 1.5
C.V. 7.3 0.0 457 229 8.7 2.6 78 7.5 0.0
L. cinerea 1860 191 31.2 1.9 13 19.6 6.8 10.8 55.1 1.8
1861 1.66 26.1 2.3 1.9 21.7 8.2 114 50.0 1.6
1863 1.14 NA 2.1 1.6 24.8 9.4 10.7 46.9 1.2
1869 1.50 NA 2.1 1.7 18.3 15.1 5.8 54.3 trace
1931 1.91 29.5 2.6 1.8 20.7 8.7 10.7 514 1.3
Mean (x) 1.62 289 22 1.7 21.0 9.6 9.9 51.5 1.5
C.V. 19.8 9.0 12.0 13.9 11.7 33.2 23.3 6.4 18.7
L. densiflora 2202 0.59 NA 1.3 1.7 13.7 7.9 8.0 64.8 1.1
L. douglasii 2400 NA 374 2.6 1.0 22.0 12.1 13.5 404 1.0
2401 NA 25.5 14 0.7 15.8 9.7 14.6 47.0 1.8
2402 NA 249 1.4 0.7 14.1 8.6 149 50.7 2.0
2403 143 224 1.6 0.9 14.6 8.5 15.0 49.0 1.9
2404 1.37 24.6 1.7 1.0 14.7 9.5 14.1 48.2 1.8
2405 1.53 24.2 1.7 0.8 144 8.5 15.7 479 22
2406 1.91 24.6 14 0.8 10.7 7.3 15.8 532 2.9
Mean (x) 1.56 26.2 1.7 0.8 15.2 9.2 14.8 48.1 1.9
C.V. 15.6 19.1 25.0 15.9 22.3 16.4 5.6 8.2 29.7
L. gordonii 1800 0.72 29.6 1.8 1.5 21.8 59 7.5 57.3 trace
1808 1.59 NA 20 1.7 21.5 94 14.7 45.2 2.7
1830 0.70 28.1 1.8 1.7 21.5 72 6.3 57.7 1.0
1831 0.78 NA 1.9 1.7 20.1 59 72 59.1 1.5
1833 0.82 26.3 2.0 1.7 21.2 75 6.7 57.0 1.0
1849 NA NA 1.9 1.7 23.6 6.1 6.6 55.7 1.2
1862 0.75 NA 2.2 2.0 22.8 6.5 7.2 54,7 1.4
1883 0.97 30.9 1.7 1.7 220 6.4 74 56.9 14
1885 0.66 317 2.0 1.7 229 6.6 79 54.9 1.2
Mean (X) 0.87 29.3 1.9 1.7 219 6.8 79 55.4 1.4
C.V. 65.1 7.4 7.7 7.4 4.8 16.2 325 7.3 38.4
L. grandifiora 2243 0.59 NA 1.7 31 26.2 8.8 2.7 55.1 trace
2246 NA NA 1.6 32 29.9 7.4 1.8 53.4 trace
2247 0.77 NA 14 33 27.6 7.3 1.9 55.8 trace
Mean (X) 0.68 1.6 32 279 7.8 2.1 54.8
C.V. 18.8 9.7 3.1 6.7 10.7 23.1 2.2
L. intermedia 1879 0.93 17.3 2.7 1.6 246 8.3 15.1 43.1 2.0
1882 0.76 24.3 2.3 1.7 23.2 7.5 13.5 470 2.0
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Table 4 (continued)
Species Collection Seed weight Oil Fatty acid composition (%)
number  (g/1000) % 16:0 18:0 18:1 18:2 18:3 20:1-0H 20:2-OH
L. intermedia 1927 1.23 NA 20 1.6 18.6 8.6 11.5 53.6 1.7
(continued) 1930 0.99 30.0 2.1 12 20.1 6.8 14.2 51.0 23
Mean (x) 0.98 239 23 1.5 21.6 7.8 13.6 48.7 2.0
C.V. 19.9 26.6 13.6 14.5 12.7 10.4 11.3 9.5 12.2
L. lasiocarpa 2217 043 NA 2.6 39 31.1 79 35 46.3 trace
2228 0.55 19.5 1.8 37 28.8 7.2 28 51.8 trace
Mean (x) 0.49 19.5 22 3.8 30.0 7.6 32 49.1
C.V. 164 0.0 25.7 3.7 54 6.6 15.7 7.9
L. lindheimeri 2232 0.78 NA 1.7 22 10.4 53 14 76.5 trace
L. mevaughiana 2279 NA NA 1.4 1.8 18.9 7.9 114 54.6 2.2
L. ovalifolia 1911 0.87 NA 20 1.3 18.3 104 15.1 483 20
L. pinetorum 1859 2.54 21.8 1.9 23 20.2 134 52 54.6 trace
L. purpurea 1802 2.29 NA 1.3 23 213 44 14.0 49.2 5.7
1853 2.19 NA 1.4 1.9 15.8 8.8 7.1 61.5 09
Mean (¥) 224 1.4 21 18.6 6.6 10.6 554 33
C.V. 3.2 52 135 21.0 47.1 46.2 15.7 102.8
L. rectipes 1873 0.61 27.7 2.1 1.1 17.6 10.1 124 524 1.4
1875 0.61 26.7 22 1.3 20.6 10.1 12.6 492 1.3
1876 0.70 228 22 1.9 20.9 9.5 6.2 56.4 0.6
1899 1.11 26.4 1.8 1.1 18.1 6.0 144 53.9 29
1903 0.75 317 1.8 1.0 16.6 104 15.2 51.7 1.5
1918 0.61 NA 1.7 1.2 19.1 9.3 13.5 51.0 1.9
1922 0.45 26.7 20 1.5 204 8.5 14.3 48.8 1.7
1923 0.96 343 1.5 1.0 19.4 7.6 12.7 532 22
1924 0.84 322 1.8 1.1 20.8 9.2 13.5 49.5 1.6
1925 0.40 NA 22 13 21.1 9.2 12.7 48.8 1.4
Mean (x) 0.70 28.6 1.9 1.3 19.5 9.0 12.8 51.5 1.7
C.V. 31.2 13.3 12.7 22.1 8.1 14.8 194 4.9 36.7
L. recurvata 2203 0.46 19.7 1.8 22 17.3 10.1 45 61.9 trace
2204 0.49 19.5 1.4 2.1 15.2 8.2 44 66.1 trace
2205 NA NA 1.6 23 18.8 10.1 4.1 60.7 trace
2208 NA NA 1.5 20 14.6 8.5 44 66.3 trace
2249 0.45 NA 22 2.8 21.6 11.7 4.1 56.4 trace
2250 0.58 224 1.3 1.9 12.0 6.1 5.8 69.7 0.9
Mean (%) 0.49 20.5 1.6 22 16.6 9.1 4.6 63.5 09
C.V. 115 79 20.0 14.4 204 21.3 13.9 7.5 0.0
L. sessilis 2251 0.48 NA 1.6 1.8 13.0 6.6 42 69.8 trace
L. wardii 1901 1.03 21.6 1.8 1.3 153 12.1 12.5 529 12
1902 1.24 NA 1.9 2.1 19.9 9.9 13.8 47.8 19
1928 1.10 22.6 1.7 1.1 16.4 9.9 143 52.9 1.5
Mean (X) 1.12 22.1 1.8 1.5 17.2 10.6 13.5 51.2 1.5
C.V. 9.5 32 5.6 353 14.0 11.9 6.9 5.7 229
P. floribunda 1917 1.8 26.1 14 1.5 15.2 11.7 12.1 551 L5
P. newberryi 1896 6.2 324 1.8 1.3 23.6 7.8 15.0 46.1 2.7
1929 45 29.3 22 1.5 27.7 7.9 143 415 25
Mean (x) 54 30.8 2.0 1.4 25.6 79 14.6 438 2.6
C.V. 223 7.1 14.1 10.0 113 1.0 34 74 54

2 C.V. = coefficient of variation.

b Data not available.
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L. rectipes was higher than L. fendleri. However,
seed yields of L. fendleri are greater and compensate
for the lower oil content. Also, enough genetic vari-
abilities are present in L. fendleri for these characters
to be improved through breeding. An abundant pop-
ulation of L. rectipes was found south of Chinle, AZ.
This species was found throughout Apache County,
AZ. It was also collected in Rio Arriba County, NM,
and Coconino County, AZ.

Populations of L. arizonica, L. cinerea and L.
intermedia were all found in north-central and north-
western Arizona (Yavapai, Coconino and Mohave
Counties). Some taxonomic problems were encoun-
tered in separating L. wardii and L. kaibabensis. The
only clear distinction was in the flower color, with L.
kaibabensis having white instead of yellow flowers.
A population thought to be L. kaibabensis was found
near the North Rim of the Grand Canyon, Arizona.

A population of L. mcvaughiana, also a white-
flowered, perennial species, was collected in Pecos
County, Texas at an elevation of 1430 m. Some
associated plants at this locality included Quercus,
Pinus, Juniperus, and Nolina. This was the only
collection we found of this species, and was absent
from the NPGS until now. Rollins and Shaw (1973)
suggest that the species is limited in distribution, but
abundant where it grows. The comparatively small
number of populations of this species collected may
be due to the relatively remote sites.

Several populations of L. lasiocarpa were col-
lected in Texas and identified as variety lasiocarpa.
Based on fruit shape and trichome differences, this
species is divided into two subspecies (lasiocarpa
and berlandieri) with different varieties (Rollins and
Shaw, 1973). The species is known to occur in south-
ern Texas and northern and northeastern Mexico.
Mixed populations of L. grandiflora and L. argyraea
were collected in Wilson County, Texas. One col-
lection of L. ovalifolia var. ovalifolia was found in
Sumner, NM. Only a small amount of seed were
available. This species is not known to occur in
Arizona.

The two P. newberryi populations collected from
Arizona were very productive. P. newberryi had a
much higher 1000 seed-weight, 5.4 g, compared to
P. floribunda from New Mexico, which averaged 1.8
g (Table 4). Oil content was also higher although
lesquerolic acid content was lower. Both of these

species are perennial. This species may have poten-
tial for development as a hydroxy fatty acid source
in cooler climates or in higher elevations than where
L. fendleri is presently being developed.

The collections of L.douglasii were exclusively
from Washington state. It is a perennial species, and
found growing in gravelly or sandy soils. The lo-
calities from these seven collections were near river
valleys. Associated plants included Lupinus, Bromus,
Chrysothamnus, Oenothera, Oryzopsis, and Agropy-
ron. In some cases, plants were found growing on
very steep banks composed predominately of a sandy
soil texture. Plants develop a long tap root as they
mature. The vegetative portion of the plant may only
contain a small rosette of leaves and still produce a
large number (ca. 70-90) of infructescences. Most of
the populations collected appeared very productive
with respect to seed yields.

Based on field observations and seed evaluations,
some of these species have potential for further
agronomic development. L.argyraea, L. douglasii, L.
gordonii, L. grandiflora, and P. newberryi had some
or all populations of the individual species that were
very productive in biomass and seed yield. Species
such as L. gordonii have a wider range of distri-
bution than L. fendleri, occurring throughout five
southwestern states. Other species are more limited
in distribution. In the United States, L. argyraea and
L. grandiflora are only found in Texas, and L. dou-
glasii primarily in Washington with a few localities
in Oregon. (Note: the most recent locality informa-
tion from Oregon we have seen at various herbaria
was from the 1960’s. Personal communication with
plant taxonomists collecting in this area have indi-
cated that many of these localities were inundated
and are now lost because of the dams constructed
on the Columbia River). P newberryi ranges from
north-central to eastern Arizona and adjacent New
Mexico.

The populations of L. argyraea and L. grandiflora
had similar productivity as the L. fendleri popula-
tions. The seed evaluations of L. fendleri in Table
2 compared to the L. argyraea populations in Ta-
ble 4 are also very similar. Insufficient seed of L.
grandiflora was available for oil content analysis.
Previous reports (Hayes et al., 1995) indicate that
oil contents are similar to L. fendleri. Although the
averages of oil contents of L. douglasii listed in Ta-
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ble 4 are higher than those of L. fendieri in Table 2,
certain populations are close to those values. In seed

prnducucn L. fendlnrr is I'nnhnr than L. /]nunlnrn

The oil content of one populatlon of L. douglasu
was the highest of any we collected. The lesquerolic
acid content was lower on the average, although
there appears to be variation for this fatty acid. The
comparison of seed size between L. fendleri and L.
douglasii does provide a good indication of the oil
ylctu since the number of seeds per \.apbutc from L.
fendleri is three to four times greater than L. dou-
glasii and most other species. This is also true with
P. newberryi, which had the highest seed weights of
any collections. Oil contents of P. newberryi were
higher than of L. fendleri.

Seeds for the majority of accessions of Les-
querella and Physaria collected in 1993 and some
from 1994 are being increased and undergoing eval-
uation with the goal of entering this new germplasm

RauiOl WD G P41 O CIRLIANE #As AlC cInpidasiil

into the NPGS as quickly as possible.
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